Clinical measurements by the increment-threshold technique of W.S. Stiles are reported in five cases of age-related macular degeneration. Measurements were made on a modified Tü bingen perimeter using 1°, short-wavelength targets presented on a red field.
Introduction
We have used the two-colour threshold technique of Stiles [1, 2] to study short-wave sensitivity in five patients who were suffering from exudative age-related macular degeneration. The conditions were chosen to isolate the mechanisms that Stiles called y 1 and y 3 . These terms correspond to the distinct branches of a threshold-versus-radiance (t vs r) curve that are observed when short-wavelength targets are presented on long-wavelength fields: y 1 denotes the branch observed at lower radiances of the field and y 3 denotes the branch observed at high radiances. According to the model of Pugh and Mollon [3] , the adaptation at lower radiances of the field reflects the polarization of a post-receptoral, chromatically-opponent site, whereas at high field radiances, on the y 3 branch, there is an additional loss of sensitivity due to direct absorption by the short-wave cones of photons from the long-wavelength field.
Methods

Patients
The five cases were selected from a series of 13 who suffered from exudative age-related macular degeneration and who underwent radiotherapy of the posterior pole of the affected eye. Pre-therapy examination included: distance and near visual acuity, fundus biomicroscopy, fluorescein and indocyanine green angiography, electroretinography (Berson technique, flicker 30 Hz), automated perimetry, and colour vision testing with the Ichikawa SPP plates, the Farnsworth Panel D15 and Lanthony's desaturated D15.
Stiles technique
The two-colour techique was carried out on a modified Tü bingen perimeter. A circular, 1°, shortwavelength (425 nm) test stimulus was superposed on a 10°circular red (650 nm) adapting field centred on the foveal area [4] .
A reference curve was determined for ten normal subjects aged between 70 and 80 years old. After 20 min of dark adaptation, the lowest visible field radiance was determined by introduction of neutral density filters. The short-wavelength test was then superposed on the field and the incremental threshold was determined. By successive removal of neutral filters, the radiance of the red field was increased in steps of 0.4 log unit and at each new level the increment threshold was re-determined. To obtain higher levels of field radiance, a subsidiary red light was added to the background field produced by the apparatus.
The t versus r curve for normal observers shows three distinct branches (Fig. 1) . In Stiles' system, the lowest branch corresponds to the middle-wave mechanism, y 4 . The second and third branches correspond to y 1 and y 3 respectively. Fig. 1 indicates the normal thresholds92 standard deviations. By reference to this curve and the standard deviations we can quantify the sensitivity of individual patients and judge their improvement or deterioration after treatment. 
Results
The t versus r curves are presented for three cases of different severity and two cases before and after radiotherapy. This eye had recent visual loss with metamorphopsia. There was a poorly visible sub-foveal neovascular membrane with a moderate serous detachment. The D15 and desaturated D15 were normal, and the ERG showed minimal decrease of flicker response. Visual fields showed a relative central scotoma.
The Stiles technique showed thresholds close to normal near absolute threshold and at y 3 levels, but in the y 1 range, thresholds are elevated by 0.8 log unit (Fig. 2) . This pattern of results may indicate a primarily post-receptoral disturbance of function. The fundus showed a large, poorly visible, sub-retinal neo-vascularized area with onset of fibrosis and atrophy. The D15 was normal, but the patient could not perform the desaturated D15, and the ERG showed diminished flicker response. Visual fields showed an absolute central scotoma over 10°and a relative one over 20°.
The Stiles technique showed greatly elevated thresholds at lower field levels (more than 2 log units), implying that both the short-wavelength and middle-wavelength cone mechanisms were impaired. However, at higher levels the loss of sensitivity was smaller (Fig. 3) The fundus showed a vascularized retrofoveal epithelial detachment 1 DD (disc diameter) in size. Perfor- mance on the D15 was normal, but the patient could not perform the desaturated D15, and the ERG flicker response was greatly diminished. The visual field showed a hemianopic absolute scotoma and relative scotoma.
The Stiles technique shows no convincing evidence for a short-wavelength mechanism (Fig. 4) : the residual sensitivity may be due to middle-wavelength cones.
Case 4. Mr G, 87 years, left eye.
Before treatment, visual acuity was 20/200. The fundus showed retrofoveal pre-and sub-retinal haemorrhage. The D15 showed blue-yellow confusions and the desaturated D15 could not be performed. The visual field showed a centro-caecal scotoma with a deep central area. After treatment (a radiation dose of 2.5 Gray in eight sessions over 14 days) the foveal haemorrhages Before treatment, increment thresholds were elevated by the order of 3 log units (Fig. 5) , although the field sensitivity of the upper branch suggests detection by a short-wavelength channel. After treatment an improvement of at least 1 log unit in sensitivity is observed, the improvement being somewhat greater for y 4 than for y 1 . Before treatment visual acuity was 20/200. The fundus exhibited a sub-retinal haemorrhage. The visual field showed an absolute central superior scotoma. One tritan error was made on the D15, and the desaturated D15 showed achromatopsia. (Fig. 7) Before treatment the Stiles technique showed a substantial loss for both y 4 and y 1 in the left eye, and to a lesser extent in the right (Fig. 6 ). After radiotherapy of the left eye (Fig. 7) (20 Gray in eight sessions) the y 1 curve for the left eye has become almost normal, although saturation [5] appears to occur at high radiances of the red field.
These cases illustrate how the Stiles technique can be used clinically to estimate the loss of sensitivity of individual cone mechanisms. The procedure can give more quantitative measures than do routine colour vision tests and deserves consideration by the clinician. Fig. 7 . The t versus r curve for Case no. 5 after radiotherapy: sensitivity is now close to normal, though still reduced. Ordinates as in Fig. 1 .
